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The oceanic observations for the partial pressure of CO2 (pCO2) in the surface water and the vertical profile of the carbonate 
systems were performed in the Indian sector of the Southern Ocean (64–67oS, 33–56oE) in January 2006 to understand spatial 
and temporal CO2 dynamics of seawater in the seasonal ice zone (SIZ). The pCO2 in the surface water were from 275 to 400 
µatm, and there were longitudinal variations dominated by the change of the water temperature and the dilution by sea ice melt 
water in the area of 33–40oE and by the biological productivity in the area of 40–56oE. Based on the data from the vertical 
profiles of the carbonate system parameter in the temperature minimum layer, the winter to summer evolution of the pCO2 in 
the surface water was examined. Results indicated that the seasonal increase of the pCO2 in the surface water was mainly 
demonstrated by the increase in the water temperature during the winter to summer period while the subsequent biological 
productivity likely led to decrease the pCO2 in the surface water in SIZ. 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Geographic location of sampling stations and cruise track in the 
        Indian sector of the Southern Ocean. 
 
 
Figure 2. Seasonal evolutions of pCO2 and temperature in the surface water 
        (upper) and sea ice concentrtion (bottom).  
 
R² = 0.69 
P<0.0001 
320 
335 
350 
365 
380 
395 
410 
-1.5  -1.0  -0.5  0.0  0.5  1.0  
pC
O
2 
(µ
at
m
) 
SST (oC) 
CO2 dynamics of seawater in the seasonal ice zone in  
the Indian sector of the Southern Ocean
Daiki Nomura1, 2, 3, 4, Hisayuki Yoshikawa-Inoue5, Shin-ichiro Nakaoka6,  
Shu-ichi Kobayashi5 and Gen Hashida4 

1. Norwegian Polar Institute, Tromsø, Norway.
2. Japan Society for the Promotion of Science (JSPS), Tokyo, Japan.
3. Now: Institute of Institute of Low Temperature Science, Hokkaido University, Sapporo, Japan.
4. National Institute of Polar Research, Tokyo, Japan.
5. Graduate School of Environmental Science and Faculty of Environmental Earth Science, Hokkaido University, Sapporo, Japan.
6. National Institute for Environmental Studies, Tsukuba, Japan.

 
  
In order to understand spatial and temporal CO2 dynamics of 
seawater in the seasonal ice zone (SIZ), the oceanic observations 
for the partial pressure of CO2 (pCO2) in the surface water and the 
vertical profile of the carbonate systems were performed in the 
Indian secto  of the Southern Oce n (64–67oS, 33–56oE) in 
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the winter to summer evolution of the pCO2 in the surface water 
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The pCO2 in the surface water were from 275 to 400 µatm, and 
there were longitudinal variations dominated by the change of 
the water temperature and the dilution by sea ice melt water in 
the area of 33–40oE and by the biological productivity in the 
area of 40–56oE. The seasonal increase of the pCO2 in the 
surface water was mainly demonstrated by the increase in the 
water temperature during the winter to summer period while the 
subsequent biological productivity likely led to decrease the 
pCO2 in the surface water in SIZ.
• pCO2 in surface water and atmospehre 
• DIC (dissolved inorganic carbon) 
• TA (total alkalinity) 
• Surface water temperature and s linity
• Vertical profile of temperature and salinity by CTD and   
  water sampling (Sts. L1-L8) 
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• The pCO2 in the surface water 
were from 275 to 400 µatm (a). 
Generally, pCO2 in the surface 
water were lower than those for 
the atmosphere (366 µatm) (a).   
 
• The pCO2 in the surface water 
changed due to the effect of the 
temperature (a, b, e) and the 
dilution by sea ice melt water (a, 
c) (S<33.0) in the area of 33–
40oE, and by the biological 
productivity in the area of 40–
56oE (a, d).  
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 Temp. Min. Layer (TML):  
 • −1.9oC < T < −1.5oC 
 • 34.2 < S < 34.5 
                (Tomczak et al., 2005) 
 
 TML retains the winter  
  time carbonate systems      
                    (Ishii et al., 2002) 
 
TMLTML
TML TML Carbonate systems in TML  
NDICwinter:  
 2206.6 ± 1.7 µmol kg−1   
 
NTAwinter: 
 2327.6 ± 2.1 µmol kg−1  
 
pCO2 winter (calculated):  
 349.9 ± 6.4 µatm  
 
 
 
TML is about 50 m  
 
 
This study… 
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   =(ΔpCO2 seawater)Temp.   
   +(ΔpCO2 seawater)Flux 
   +(ΔpCO2 seawater)Biol. 
   +(ΔpCO2 seawater)Resi. 
 
(Bakker et al., 1996; Shim et al., 2006) 
 
• Increase of the pCO2 in the 
surface water was mainly 
dominated by the increase in 
the water temperature (SST) 
during the winter to summer 
period.  
 
• The subsequent biological 
productivity after ice melting 
likely led to decrease the 
pCO2 in the surface water. 
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